Background: Intravoxel incoherent motion diffusion weighted imaging (IVIM-DWI) can not only observe the diffusion of tissue water molecules but also reflect the blood perfusion information of tissue microcirculation. IVIM-DWI has been applied in many clinical areas. However, few studies have addressed the use of IVIM-DWI for the evaluation of transarterial chemoembolization (TACE) response in hepatocellular carcinoma (HCC) patients. Objectives: The purpose of the present study was to explore the role of IVIM-DWI for the therapeutic response of TACE for HCC. Materials and Methods: Twenty patients underwent IVIM-DWI scan on a 3.0T magnetic resonance imaging instrument 1 -3 days before and 30 to 40 days after TACE. The values of IVIM-DWI parameters, including standard apparent diffusion coefficient (ADC), pure diffusion coefficient (Dslow), pseudo-diffusion coefficient (Dfast) and perfusion fraction (ƒ) were measured. The values of IVIM-DWI parameters before and after TACE were compared using paired t tests. The values between responsive and non-responsive groups were compared using independent-samples t test. P < 0.05 indicated statistical significance. Results: After TACE, the ADC and Dslow values in the tumors increased significantly, and the values of Dfast decreased significantly, while the values of f value did not change obviously. The ADC values in responsive group were remarkably higher than those in non-responsive group, the Dfast values in responsive group were significantly lower than those in non-responsive group, but the values of Dslow and f between the two groups were not different significantly. Conclusions: IVIM-DWI parameters can be used as potential How to cite this paper:
Introduction
Hepatocellular carcinoma (HCC) is one of the leading causes of cancer deaths worldwide and is a serious threat to human life and health. Because HCC often has an occlusive onset, patients are often in the advanced stages of the disease when first seeking treatment and have lost the indications for surgical excision.
Transarterial chemoembolization (TACE) has been proven to improve the survival time and life quality in HCC patients [1] [2] [3] [4] [5] . The accurate evaluation of TACE treatment response is conducive to the next step of developing personalized treatment programs. However, assessment of anatomic response in the early post-treatment period has been controversial because the absence of a reduction in tumor size does not mean an absence of response [6] [7] [8]. Magnetic resonance diffusion weighted imaging (DWI) can detect the free diffusion motion of water molecules in living tissue. It enables quantitative analyses by measuring the standard apparent diffusion coefficient (ADC) value. Thus, this technique can be used to evaluate TACE response for HCC [9] - [14] . But conventional DWI with a mono-exponential model could not separate perfusion and true diffusion-related effect. Intravoxel incoherent motion diffusion weighted imaging (IVIM-DWI), with a bi-exponential model, can not only observe the diffusion of tissue water molecules but also reflect the blood perfusion information of tissue microcirculation, compensating for the deficiencies of conventional DWI [15] . In recent years, IVIM-DWI has been applied in many clinical areas [16] - [26] . However, few studies have addressed the use of IVIM-DWI for the therapeutic response of TACE for HCC. The aim of the present study was to investigate the role of IVIM-DWI for the therapeutic response of TACE for HCC.
Materials and Methods

Patient Population
This study was approved by our institutional review board, and patient informed consent was obtained. In this study, TACE was performed in the intermediate-stage HCC patients who were not suitable candidates for surgical resection. 
MR Imaging
All patients received MRI examinations at 1 -3 days before TACE and 30 -40 days after TACE. The equipment used was a 3.0T magnetic resonance imaging times, and the average was taken.
TACE Procedure
The Seldinger technique is commonly used to puncture the right femoral artery.
Under the guidance of a guide wire, a 5F angiographic catheter was placed in the celiac artery or hepatic artery for the performance of digital subtraction angiography (DSA). Subsequently, microcatheter superselective catheterization of the tumor-feeding artery was conducted. TACE was performed by administration of 5-fluorouracil (1000 mg) via the tumor-feeding artery, followed by lipiodol (Lipiodol UltraFluid, Laboratoire Guerbet, Aulnay-Sous-Bois, France) (5 to 20 ml) SPSS 20. 0 software was used to analyze the changes of IVIM-DWI parameters. The IVIM-DWI parameters of HCC nodules before and after TACE were compared using paired t test. The values between responsive and non-responsive groups were compared using independent-samples t test. P < 0.05 indicated statistical significance.
Statistical Analysis
Results
After CT perfusion imaging has the ability to assess the perfusion changes in HCC tissues after chemoembolization, which can be used to evaluate the treatment response of TACE for HCC, but it will increase radiation exposure [6] [31].
Discussion
With the development of functional MRI, it is possible to determine the meta- They found that the ADC ratio and D ratio after TACE were independent predictors for response to TACE for HCC, and showed stronger association with PFS than mRECIST [37] .
In this study, the values of ADC and Dslow of lesions after TACE treatment increased significantly, which may be related to the fact that the tumor cells undergo necrosis, leading to increased water diffusion capacity. The Dfast values in the lesion areas of HCC patients decreased after TACE, compared with the before-treatment values, which may be related to the fact that tumor blood supplies were blocked after TACE and the basement membrane of newly generated blood vessels was incomplete and the vessels had a small diameter, leading to slow blood flow. The value of f in this study did not change significantly after treatment, likely because Dfast and f values represent different aspects of perfusion; the former is primarily related to local tissue capillary velocity, and the latter is related to local tissue blood volume [36] .
This study has the following limitations. Firstly, the number of cases collected in this study is small. Secondly, the images analyzed before and after TACE treatment may not be the same levels, which may be a potential source of error.
Another limitation is that the relationship between the prognosis and changes of IVIM parameters after TACE treatment was not investigated in the HCC patients. In further studies, an increased number of cases should be studied. The prognosis of the patients with HCC should be followed up. In addition, because IVIM parameter measurement is susceptible to the b value and the selection of the b value is still controversial [38] [39], the selection of the b value needs to be further optimized or standardized.
Conclusion
In summary, IVIM-DWI parameters can be used as potential markers for the therapeutic response of TACE for HCC.
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